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infectious disease. Although it has been known for some 40 years that

these two factors interact in complex ways (Scrimshaw, Taylor and
Gordon 1995) recent research has raised important issues about the exact
nature of the interaction (Chandra and Kumari 1994, Maberly et al. 1994).
While researchers are faced with the challenge of applying new techniques and a
better understanding of disease to improve understanding of the interplay
between nutrition and infection, program designers need to apply the new
knowledge to develop innovative, cost-effective and long-term programs to
improve the health of underprivileged populations.

P ublic health in developing countries is influenced by both nutrition and

Advances in drug treatments (against bacteria, viruses, fungal pathogens and
helminths) and immunization have transformed the demographic profile of
developing countries. Child survival has led to a rise in life expectancy but
despite three decades of progress, one child in three does not survive to adult-
hood. Children’s health therefore remains a key priority for research and public
health programs.

Studies are being undertaken on the interactions between micronutrients and
infection with bacteria, viruses, or parasites. Increased vitamin A intake can
reduce mortality from childhood diseases (Beaton et al. 1993, Fawzi et al. 1993,
Glasziou etal. 1993). Death from measles complications in hospitalized chil-
dren is also reduced by high-dose vitamin A therapy (Hussey and Klein 1990).
Even maternal mortality related to childbirth may be reduced by weekly supple-
mentation with vitamin A or beta-carotene, although the mechanism is unclear
(West etal. 1999) and further studies are needed. Zinc supplementation has
been suggested to decrease the incidence of persistent diarrhea in children (Roy
etal. 1997, Sazawal et al. 1996). In contrast, Brunser et al. (1993) found that
addingiron to complementary food for infants and young children may in-
crease the incidence of diarrheal gastroenteritis, although this has not been
confirmed (Heresi et al. 1995).

Clearly, there are gaps in our knowledge of the links between micronutrients and
infection, and of the underlying immunological mechanisms. Identifying these
gaps would help funding agencies refine priority areas for investment in re-
search. Moreover, an improved understanding of these interactions would
benefit donor agencies, such as the World Health Organization (WHO), Food
and Agriculture Organization (FAO), United Nations Children’s Fund
(UNICEF), and World Food Programme (WFP), which aim to provide pro-
grammatic assistance and to promote social and economic development. These
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organisations need to identify the most cost-effective options for increasing child survival.
These will invariably include a combination of interventions related to environmental
health, immunizations, chemotherapeutic agents that may adversely affect the intake of
certain micronutrients, and nutrition and health counseling and education that result in
effective behavior change.

In October, 1998, a small multidisciplinary meeting was held in Southampton, UK, to
discuss unresolved issues related to the interaction between micronutrients and infection.
Delegates included representatives from developing and developed countries with exper-
tise in clinical disciplines (nutrition, infectious diseases, immunology) as well as profes-
sionals from the related fields of epidemiology and medical ethics. Within the field of
nutrition, participants included experts in basic nutrition and the human biology of three
selected nutrients, namely vitamin A, iron, and zinc.

To provoke a maximum amount of interaction and discussion among the
multidisciplinary participants, the meeting included a mixture of formats - such as
plenary lectures, working-group sessions, and workshops.

Consistent with the objective to stimulate interactions between specialists in different
areas of research, plenary lectures by Gerry Keusch (National Institutes of Health, USA)
and George Griffin (St George’s Hospital, University of London, UK) covered “Micronu-
trients and Acute Infections”. This set the framework for the ensuing discussions on the
specific propositions listed in Table 1. The major conclusions from the meeting centered
on: 1) diagnosis and assessment of populations; 2) immunological mechanisms relating
nutrition to infection; and 3) the ethical conduct of research into public health interven-
tions.

Diagnosis and assessment of populations: It is widely recognized that assessments of
human nutritional status are often imperfect. Cross-sectional epidemiological surveys
and longitudinal intervention studies associating micronutrients with infections fre-
quently do not include markers of nutrient status; when they do, the quality and validity
of the diagnosis can often be called into question. The meeting addressed the recurrent
question of whether current knowledge is clouded by limitations in the diagnosis of
nutritional, immune and even infectious status.

Moreover, infection itself alters metabolism and redistributes circulating nutrients,
making nutritional status difficult to determine. Participants discussed two contrasting
views to explain why vitamin A, iron, and zinc concentrations decline during active
infection. One view is that nutrients move preferentially from serum to tissue sites to
participate in the immunological response to infection; the other is that nutrients are
cleared from the circulation to deprive pathogens of the micronutrients they need for
proliferation. Thuslow blood micronutrient levels may not necessarily indicate a defi-
ciency state. Correspondingly, attempts to restore normal circulating levels of micronu-
trients during infection may be misguided.

In terms of infection status, participants concluded it was unwise to rely on simple
symptom categories without specific etiological diagnosis. The symptoms of many
diseases include watery diarrhea or bloody dysentery, but not all will be equally suscep-
tible to the same drugs. They also are unlikely to have the same associations with nutri-
tion. How is a strong cough related to the severity of an illness? Does it reflect a more
severe infection or is it the result of a more robust immune response?
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Table 1: THE PROPOSITIONS FOR DISCUSSION

Single micronutrients

The observed effect of vitamin A supplementation on childhood mortality is related to
the underlying nutritional deficiency: it is not a physiological effect of pharmacological
doses of vitamin A.

The mechanism of therapeutic and prophylactic effects of zinc on diarrheal disease is due
to local, gastrointestinal effects and not via systemic effects associated with the alleviation
of underlying zinc deficiency.

Iron status determines susceptibility to — and severity of — infections.
Multiple micronutrients

There are potentially significant toxic consequences of a population-based, universal
supplementation of vitamin A, zinc and iron.

Absorption and utilization of micronutrients (vitamin A, iron, zinc) are altered during
infection.

The effects of multiple micronutrient supplements on infection are not independent of
each other and are additive or synergistic.

The acute-phase response
The acute-phase response to infection enhances survival.

Cytokines mediate the acute-phase response’s influence on vitamin A by transcriptional
regulation.

Cytokines mediate the acute-phase response’s influence on zinc by transcriptional regula-
tion.

Immunological status is hampered both by the absence of suitable non-invasive tech-
niques to assess immune status in relation to nutrition, and by a lack of understanding of
the mechanistic relationships between nutrition and infection. Itis critical to have
measures to monitor both the activation of the acute-phase response to infection and the
systemic metabolic reaction to invasion by pathogens or exposure to their toxins.

Immunological mechanisms relating nutrition to infections: The acute-phase re-
sponse is affected by nutrition and immunity in acute and in chronic infections. The
metabolic response to infections includes fever, anorexia, production of specific acute-
phase reactant proteins, and proliferation of immune cells and antibodies; all these effects
are mediated by a cascade of cytokines (Keusch 1998). Consequently, nutrients are
simultaneously lost from the body, redistributed from the circulation to tissues, and
blocked from utilisation. Itis increasingly feasible to modify the human acute-phase
response pharmacologically, with agents that either enhance or inhibit the production of
all or some cytokine mediators. Moreover, various micronutrients can also affect the
production of cytokines. Thus drugs or nutritional supplementation can be used during
infections, but the metabolic consequences of these changes may be difficult to predict.

In a plenary session on the final day of the meeting, the importance of interactions
between the infective agent, the host, and nutrition was illustrated by Melinda Beck
(University of North Carolina, Chapel Hill, USA) using a new paradigm. In a murine
model of Coxsackie virus cardiomyopathy, she demonstrated that the virulence of the
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virus was genetically altered by the nutritional environment of the host. Thatis, a
nonvirulent strain that was used to infect mice with antioxidant nutrient deficiencies
became virulent during replication in the host. This observation provides a new dimen-
sion to the study of micronutrient-infection interactions that may achieve greater promi-
nence in the future.

Ethical conduct of research on public health interventions: A medical ethicist (Tom
Wilkie, Wellcome Trust, UK) observed the deliberations of the meeting at which the
history of research design and aspirations for improving investigations, especially in
developing countries, were discussed. In response to particular insights concerning the
interaction between micronutrients and infection, a set of precepts evolved — that scien-
tists have an obligation to the human volunteers participating in the research as well as
their own self-respect and integrity, and that the Ethical Guidelines for Human Investiga-
tion of the WHOQO’s Council of International Organizations of Medical Sciences (CIOMS)
should be consulted and adhered to when research is carried out in developing countries.

Ethical issues permeate all aspects of research and public health programs related to
micronutrients and infection. In many large clinical trials, it is unclear whether the effects
of micronutrients have a nutritional or pharmacological basis. This uncertainty has
important implications biologically and for public health programs, as well as practical
consequences for both research donors and regulatory agencies. A drug trial involvesa
series of steps, with Phase 1 being an assessment of its safety, Phase 2 being an examination
of its potential efficacy outside of a comparative focus and Phase 3 being a formal con-
trolled comparative trial. If nutrients are acting principally by pharmacological mecha-
nisms, subjecting huge populations to massive trials would need to become the last
option, rather than the first. The safety aspect of the mass distribution of micronutrients
is illustrated by studies of zinc intake in HIV-infected males and the progression to AIDS.
Higher intakes of dietary zinc, and the use of zinc supplements were associated with a
faster progression to AIDS (Tang et al. 1993) and to an earlier mortality (Tang et al.
1996).

In research, the challenge is to develop better ways of resolving issues on the interaction
between micronutrients such as vitamin A, iron, and zinc and viral, bacterial, and
parasitic infections. These findings then need to be applied to reducing mortality and
morbidity from communicable diseases in developing countries. Achieving these goals
will require better technology, improved biological and epidemiological concepts, and
better interdisciplinary and intersectorial communication.

Both the design and implementation of basic and applied research need to improve. In
epidemiological assessments of morbidity, specific etiological diagnosis of infectious
agents — rather than simple recording of infectious symptoms or syndromes — is needed to
make sense of the nutrient associations. With respect to nutritional status, it needs to be
clear whether low circulating levels of a nutrient reflect metabolic alterations due to
infection or are true deficiency states (Underwood 1998). Complementary to this,
diagnostic approaches to nutrition are needed that are not confounded by the presence of
active infections. In field studies too much emphasis may have been placed on evaluating
maximal response capacity rather than a more “functional” approach which recognizes
that immune responses are regulated and interactive. In the three domains of infectious
epidemiology, nutritional assessment, and immune status evaluation, efforts to make
specimen collection procedures minimally invasive, safe and culturally acceptable are
paramount. There needs to be a heightened recognition of the risks involved in all
studies, and the research community must take responsibility for the health of the partici-
pants in experimental interventions.




References

The practice of simply noting associations between nutritional status (or nutrient admin-
istration) and infectious disease must give way to addressing the underlying mechanisms
of the host immune response. One of the foremost reasons for integrating the various
disciplines is to design research that is both driven by hypothesis and based on current
understanding, but which also helps to fill in the gaps in knowledge of the biological
mechanisms.

A fundamental premise in convening this meeting was that a lack of interdisciplinary
interaction was thwarting progress towards public health solutions. Much could be
gained by cross-pollinating field observations with an understanding of the mechanisms
provided by basic scientists. The ultimate goal of research and aid programs is to meet
the needs and expectations of at-risk populations. This will only happen if the different
scientific constituencies of nutrition, immunology and infectious disease work together to
inform the development of policy and public health programs. Existing programs that
do not benefit the population, or do not benefit them in a cost-effective way, must be re-
evaluated. Interventions which promise to reduce the prevalence of micronutrient
malnutrition, or to exploit the antiinfective properties of micronutrient supplements,
must be targeted at the populations who can gain the greatest benefits.

Beaton GH, Martorell M, Aronson KJ, Edmonston B, McCabe G, Ross AC, Harvey B (1993) Effectiveness of
vitamin A supplementation in the control of young child morbidity and morality in developing countries. Geneva,
ACC/SCN State-of-the-art Series Nutrition Policy Discussion Paper no. 13

Brunser, O, Espinoz, ] Araya, M, Pacheco, I, Cruchet, S (1993) Chronic iron intake and diarrhoeal disease in
infants. A field study in a less-developed country. European Journal of Clinical Nutrition 47:317-326.

Chandra RK, Kumari S (1994) Nutrition and immunity: An overview. Journal of Nutrition 124 (Suppl) 1433-
1435.

Fawzi WW, Chalmers TC, Herrara MG, Mosteller F (1993) Vitamin A supplementation and childhood
mortality. A meta analysis. JAMA 269: 898-903.

Glasziou PP, Mackerras DEM (1993) Vitamin A supplementation in infectious disease: a meta analysis. British
Medical Journal 306: 366-370.

Heresi G, Pizarro F, Olivares M, Cayazzo M, Hertramp E, Walter T, Murphy JR, Stekel A (1995) Effect of
supplementation with iron-fortified milk on incidence of diarrhea and respiratory-infection in urban resident
infants. Scand J Inf Dis 27: 385-389.

Hussey GD, Klein H (1990) A randomized, controlled trial of vitamin A in children with severe measles. New
England Journal of Medicine 323: 160-164.

Keusch GT (1998) Infection: Nutritional interaction. In: Sadler MJ, Strain JJ, Caballero B (eds) Encyclopedia
of Human Nutrition, vol 2 London, Academic Press. pp. 1117-1121.

Maberly GF, Trowbridge FL, Yip R, Sullivan KM, West CE (1994) Program against micronutrient malnutrition:
Ending hidden hunger. Annals Reviews of Public Health 15: 277-301.

Roy SK, Tomkins AM, Akramuzzaman SM, Behrens RH, Haider R, Mahalanabis D, Fuchs G (1997)
Randomised controlled trial of zinc supplementation in malnourished Bangladeshi children with diarrhoea.
Archives of Diseases of Childhood 77: 196-200.

Sazawal S, Black RE, Bhan MK, Jalla S, Bhandari N, Sinha A, Majumdar S (1996) Zinc supplementation
reduces the incidence of persistent diarrhea and dysentery among low socioeconomic children in India. Journal
of Nutrition 443-450.

Scrimshaw NS, Taylor CE, Gordon JE (1995) Interaction of nutrition and infection. American Journal of
Medical Science 237: 367-403.




Tang AM, Graham NMH, Kirby AJ, McCall LD, Saah AJ (1993) Dietary micronutrient intake and
risk for progression to acquired immunodeficiency syndrome (AIDS) in human-immunodeficiency
virus type-1 (HIV-1) infected homosexual men. American Journal of Epidemiology 138: 937-961.

Tang AM, Graham NMH, Saah AJ (1996) Effect of micronutrient intake on survival inhuman
immunodeficiency virus type-1 infection. American Journal of Epidemiology 143: 1244-1256.

Underwood BA (1998) Micronutrient malnutrition. Is it being eliminated? Nutrition Today 33(3):
121-129.

West Jr KP, Katz J, Khatry SK, LeClerq SC, Pradhan EK, Shresha SR, Connor PB, Dali SM, Christian
P, Pokhrel RP, Sommer A (1999) Double blind, cluster randomised trial of low dose supplementation
with vitamin A of B carotene on mortality related to pregnancy in Nepal. British Medical Journal
318: 570-575.

|
Acknowledgments

The U.S. Agency for International Development (USAID) and The Wellcome
Trust would like to thank the members of the Scientific Planning Committee
for organizing this valuable meeting. The committee members were: Dr. Frances
Davidson USAID; Prof. Eric Gershwin, University of California, Davis; Prof.
George Littin, St.George’s Hospital Medical School; Prof. Alan Jackson,
University of Southampton; Prof. Gerald Keusch, U.S. National Institutes of
Health; Dr. Ian Morris, The Wellcome Trust; Dr. Penelope Nestel, OMNI
Research; Dr. Noel Solomons, CeSSIAM; and Prof. Andrew Tomkins, Centre
for International Child Health.

The information presented herein does not necessarily reflect the scientific
recommendations or views of USAID, The Wellcome Trust or the International
Life Sciences Institute (ILSI). The publication of this report is made possible by
support from Opportunities for Micronutrient Interventions (OMNI) Research,
a project of the Office of Health and Nutrition, Bureau for Global Programs,
Field Support and Research, USAID, under cooperative agreement HRN-5122-
A-00-3046-00 with the ILSI Research Foundation.

Additional copies of this and other OMNI Research publications are available
free of charge to developing countries and for $3.50 (U.S.) to developed
countries. Copies can be ordered from OMNI Research at:

OMNI Research

c/o International Life Sciences Institute Research Foundation
Human Nutrition Institute

1126 Sixteenth Street, NW

Washington, DC 20036-4810, USA

Email: hni@ilsi.org

Internet: www.ilsi.org/hni.html

ZRUSY

THE
. , . . LT T T LIAI
Printed 1999 in the United States of America




